Introduction {#nyas13312-sec-0010}
============

The dual epidemics of obesity and type 2 diabetes continue to increase and threaten the recent gains made in cardiovascular disease (CVD) prevention.[1](#nyas13312-bib-0001){ref-type="ref"}, [2](#nyas13312-bib-0002){ref-type="ref"}, [3](#nyas13312-bib-0003){ref-type="ref"} Chronic disease guidelines recommend diet and lifestyle as the cornerstones of therapy for the prevention and management of obesity, type 2 diabetes, and CVD[4](#nyas13312-bib-0004){ref-type="ref"}, [5](#nyas13312-bib-0005){ref-type="ref"}, [6](#nyas13312-bib-0006){ref-type="ref"}, [7](#nyas13312-bib-0007){ref-type="ref"}, [8](#nyas13312-bib-0008){ref-type="ref"} and important alternatives to those who do not tolerate many of the medications used to manage these conditions.[6](#nyas13312-bib-0006){ref-type="ref"}, [9](#nyas13312-bib-0009){ref-type="ref"}, [10](#nyas13312-bib-0010){ref-type="ref"} Dietary pulses, the edible dried seeds of legumes (i.e., beans, lentils, chickpeas, and peas) that are high in fiber, plant protein, and various micronutrients and low in fat and glycemic index (GI),[11](#nyas13312-bib-0011){ref-type="ref"}, [12](#nyas13312-bib-0012){ref-type="ref"}, [13](#nyas13312-bib-0013){ref-type="ref"} have shown a wide range of health benefits for the prevention and management of type 2 diabetes and CVD.[14](#nyas13312-bib-0014){ref-type="ref"}, [15](#nyas13312-bib-0015){ref-type="ref"}, [16](#nyas13312-bib-0016){ref-type="ref"}, [17](#nyas13312-bib-0017){ref-type="ref"}, [18](#nyas13312-bib-0018){ref-type="ref"}, [19](#nyas13312-bib-0019){ref-type="ref"} In addition, they have shown to be more environmentally sustainable,[20](#nyas13312-bib-0020){ref-type="ref"} which is a growing global concern.

Dietary pulses are not well recognized for these advantages. Recommendations for dietary pulse intake vary across chronic disease guidelines. The Canadian Diabetes Association and the European Association for the Study of Diabetes recommend that individuals with diabetes consume dietary pulses to help manage glycemic control[8](#nyas13312-bib-0008){ref-type="ref"} and legumes (which include pulses, soybeans, peanuts, fresh peas, and fresh beans) to help meet minimum requirements for fiber intake.[21](#nyas13312-bib-0021){ref-type="ref"} The American Diabetes Association, however, has made no specific recommendations to consume pulses, recommending instead various dietary patterns that may be high in dietary pulses (i.e., Mediterranean, Dietary Approaches to Stop Hypertension (DASH), vegetarian, and vegan).[7](#nyas13312-bib-0007){ref-type="ref"} Similarly, heart‐healthy guidelines from the American Heart Association encourage intake of legumes as part of a diet aimed at reducing CVD risk,[5](#nyas13312-bib-0005){ref-type="ref"} whereas the Canadian Cardiovascular Society[6](#nyas13312-bib-0006){ref-type="ref"} and the European guidelines for CVD prevention[22](#nyas13312-bib-0022){ref-type="ref"} have not made any specific recommendations for the intake of dietary pulses. Current levels of dietary pulse consumption remain low.[11](#nyas13312-bib-0011){ref-type="ref"}, [12](#nyas13312-bib-0012){ref-type="ref"}, [23](#nyas13312-bib-0023){ref-type="ref"} It has been reported that only 13% of Canadians and 7.9% of Americans consume pulses on any given day, where average intakes ranged from 13 to 294 g/day among Canadian consumers and 23 to 277 g/day among American consumers (approximately less than 0.25--1.75 cups/day or less than 0.5--2.5 servings/day of cooked pulses based on Health Canada\'s Food Guide serving size).[11](#nyas13312-bib-0011){ref-type="ref"}, [12](#nyas13312-bib-0012){ref-type="ref"} European data show a similar pattern of low consumption.[23](#nyas13312-bib-0023){ref-type="ref"}

The purpose of this review was to summarize the findings from recent systematic reviews and meta‐analyses assessing the relationship between dietary pulses and cardiometabolic health and to assess the overall strength of the evidence using the Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) tool.

Study selection and grading of the evidence {#nyas13312-sec-0020}
===========================================

Systematic reviews and meta‐analyses of randomized controlled trials and prospective cohort studies are the highest levels of evidence to inform public health policy and clinical practice guidelines. We sought to identify the most recent systematic reviews and meta‐analyses assessing the relationships of dietary pulses with incident cardiometabolic diseases (overweight/obesity, diabetes, hypertension, CVD, stroke, etc.) in prospective cohort studies and the effects of dietary pulses on cardiometabolic risk factors (glycemic control, blood lipids, adiposity, blood pressure, etc.) in randomized controlled trials. We included our own Canadian Institutes of Health Research (CIHR)‐funded systematic reviews and meta‐analyses ([ClinicalTrials.gov](http://ClinicalTrials.gov) identifier: NCT01594567) and searched PubMed (which includes the MEDLINE and NLM databases) through December 9, 2016 using the following search terms: "pulses" OR "legumes" AND "meta‐analysis." Figure [1](#nyas13312-fig-0001){ref-type="fig"} shows the literature search and selection process.

![Literature search and selection process.](NYAS-1392-43-g001){#nyas13312-fig-0001}

We summarized all of the available evidence and assessed the overall quality of the evidence using the GRADE tool.[25](#nyas13312-bib-0025){ref-type="ref"}, [26](#nyas13312-bib-0026){ref-type="ref"}, [27](#nyas13312-bib-0027){ref-type="ref"}, [28](#nyas13312-bib-0028){ref-type="ref"}, [29](#nyas13312-bib-0029){ref-type="ref"}, [30](#nyas13312-bib-0030){ref-type="ref"}, [31](#nyas13312-bib-0031){ref-type="ref"}, [32](#nyas13312-bib-0032){ref-type="ref"}, [33](#nyas13312-bib-0033){ref-type="ref"}, [34](#nyas13312-bib-0034){ref-type="ref"}, [35](#nyas13312-bib-0035){ref-type="ref"}, [36](#nyas13312-bib-0036){ref-type="ref"}, [37](#nyas13312-bib-0037){ref-type="ref"} This tool allows evidence to be graded as high, moderate, low, or very low quality. Randomized controlled trials start as high‐quality evidence, and observational studies start as low‐quality evidence. Both can then be downgraded or upgraded on the basis of prespecified criteria. The criteria used to downgrade evidence from randomized controlled trials and prospective cohort studies include study limitations (weight of studies showing risk of bias as assessed by the Cochrane Risk of Bias Tool or the New Castle Ottawa Scale, unless otherwise specified), inconsistency (substantial unexplained interstudy heterogeneity, *I* ^2^ \> 50% and *P* \< 0.10), indirectness (presence of factors that limit the generalizability of the results), imprecision (the 95% confidence intervals (95% CIs) for mean differences and risk estimates are wide or cross a minimally important difference), and publication bias (significant evidence of small‐study effects). The criteria used to upgrade the quality of evidence are restricted to observational studies. These criteria include a large magnitude effect, a dose--response gradient, and attenuation by plausible confounding effects. (Plausible confounding would decrease the observed risk estimate or increase the observed risk estimate if no effect was observed.)

Systematic reviews and meta‐analyses of prospective cohort studies {#nyas13312-sec-0030}
==================================================================

No systematic reviews and meta‐analyses have assessed the relationship between dietary pulses and incident cardiometabolic diseases. A relationship, however, has been assessed between legumes, which include dietary pulses, and incidence of cardiometabolic diseases in prospective cohort studies.

Cardiovascular disease risk {#nyas13312-sec-0040}
---------------------------

One systematic review and meta‐analysis assessed the relationship between legumes in the context of a Mediterranean diet and composite CVD outcomes (including incidence and mortality of CVD, coronary heart disease (CHD), myocardial infarction, and stroke)[38](#nyas13312-bib-0038){ref-type="ref"} (Fig. [2](#nyas13312-fig-0002){ref-type="fig"}). It included eight prospective cohort studies (*n* = 222,021; 14,395 events) conducted in various countries, including the United States (two studies), Spain (two studies), Greece (two studies), Germany (one study), and several other European countries (one study), with follow‐up durations ranging from 4.9 to 20 years.[38](#nyas13312-bib-0038){ref-type="ref"} Legume consumption in the context of a Mediterranean diet was found to significantly reduce CVD risk (relative risk (RR) = 0.91 (95% CI: 0.83--0.98)), which showed good consistency across the included studies (*I* ^2^ = 33%).[38](#nyas13312-bib-0038){ref-type="ref"}

![Summary of the pooled effect estimates from the most recent systematic reviews and meta‐analyses of prospective cohort studies assessing the relationship between legume consumption and cardiometabolic disease risk. CHD, chronic heart disease; CVD, cardiovascular disease; *N*, number of participants; RR, relative risk; SRMA, systematic review and meta‐analysis.](NYAS-1392-43-g002){#nyas13312-fig-0002}

Suggested reasons for this observed CVD risk benefit may be related to specific nutrients and properties found in legumes (i.e., fiber, magnesium, potassium, folate, phytochemicals, low GI, etc.),[39](#nyas13312-bib-0039){ref-type="ref"}, [40](#nyas13312-bib-0040){ref-type="ref"}, [41](#nyas13312-bib-0041){ref-type="ref"}, [42](#nyas13312-bib-0042){ref-type="ref"}, [43](#nyas13312-bib-0043){ref-type="ref"}, [44](#nyas13312-bib-0044){ref-type="ref"} observed benefits of non‐soy legumes on various cardiometabolic risk factors[14](#nyas13312-bib-0014){ref-type="ref"}, [15](#nyas13312-bib-0015){ref-type="ref"}, [16](#nyas13312-bib-0016){ref-type="ref"}, [18](#nyas13312-bib-0018){ref-type="ref"}, [45](#nyas13312-bib-0045){ref-type="ref"} (see below), and, potentially, the replacement of certain foods with legumes (i.e., red meat and high‐GI foods).[46](#nyas13312-bib-0046){ref-type="ref"}, [47](#nyas13312-bib-0047){ref-type="ref"}, [48](#nyas13312-bib-0048){ref-type="ref"}, [49](#nyas13312-bib-0049){ref-type="ref"}

Table S1 shows our GRADE assessment of the overall strength of the evidence for the relationship between legumes and CVD risk. The evidence was rated as very low for the association of legumes in the context of a Mediterranean diet and composite CVD outcomes, owing to a downgrade for imprecision in the pooled risk estimates. This assessment suggests that legumes, which include dietary pulses, may have a meaningful cardiovascular benefit, but the estimate remains uncertain.

Coronary heart disease risk {#nyas13312-sec-0050}
---------------------------

One systematic review and meta‐analysis assessed the relationship between legumes and CHD risk[19](#nyas13312-bib-0019){ref-type="ref"} (Fig. 2). It included five prospective cohort studies (*n* = 198,904; 6514 events) that were conducted in various countries, including the United States (two studies), Spain (one study), Greece (one study), and Japan (one study), with follow‐up durations ranging from 10 to 26 years.[19](#nyas13312-bib-0019){ref-type="ref"} Legume consumption of at least four weekly 100‐g servings (please note that the serving size used in this systematic review and meta‐analysis of 100 g is less than Health Canada\'s Food Guide serving size of ¾ cup or ∼130 g/day of cooked legumes) was found to be inversely associated with CHD risk (RR = 0.86 (95% CI: 0.78--0.94)), which showed good consistency across the included studies (*I* ^2^ = 0.2%).^19^ Suggested reasons for this observed CHD risk benefit are similar to those described for CVD risk (see above).

Table S1 shows our GRADE assessment of the overall strength of the evidence for the relationship between legumes and CHD risk. The evidence was rated as moderate for the association of legumes with CHD owing to an upgrade for a significant inverse dose--response gradient with no downgrades. This assessment suggests that legumes, which include dietary pulses, may have advantages for CHD prevention, but more studies are required to clarify the association.

Stroke risk {#nyas13312-sec-0060}
-----------

Two systematic reviews and meta‐analyses assessed the relationship between legumes and stroke risk[19](#nyas13312-bib-0019){ref-type="ref"}, [50](#nyas13312-bib-0050){ref-type="ref"} (Fig. [2](#nyas13312-fig-0002){ref-type="fig"}).The same systematic review and meta‐analysis that found an inverse association between legume consumption and CHD showed no association with stroke risk when intakes were ≥4 weekly 100‐g servings of legumes (six prospective cohort studies; *n* = 254,628; 6690 events; follow‐up range: 10.6--26 years; RR = 0.98 (95% CI: 0.84--1.14)). The association estimates again showed good consistency across the included studies (*I* ^2^ = 32.0%), but a meaningful benefit could not be ruled out given the wide confidence interval.[19](#nyas13312-bib-0019){ref-type="ref"}

These findings were consistent with those from another systematic review and meta‐analysis assessing stroke risk in six prospective cohort studies (*n* = 173,229; 4030 events) conducted in the United States (two studies), Finland (one study), Japan (two studies), and the Netherlands (one study) with follow‐up durations ranging from 6.3 to 26 years.[50](#nyas13312-bib-0050){ref-type="ref"} Legume consumption was again not associated with risk of stroke when comparing the highest and the lowest level of intake (RR = 0.95 (95% CI: 0.84--1.08); *I* ^2^ = 43.2%).[50](#nyas13312-bib-0050){ref-type="ref"}

Table S1 shows our GRADE assessment of the overall strength of the evidence for the relationship between legumes and stroke. The evidence was rated as very low owing to a downgrade for imprecision in the pooled risk estimates. This assessment suggests that legumes, which include dietary pulses, may or may not affect stroke risk. The relationship remains uncertain, with future studies likely to have an important influence on risk estimates.

Diabetes risk {#nyas13312-sec-0070}
-------------

One systematic review and meta‐analysis assessed the relationship between legumes and diabetes risk.[19](#nyas13312-bib-0019){ref-type="ref"} It included only two prospective cohort studies (*n* = 100,179; 2746 events). No association was found between diabetes risk and ≥4 weekly 100‐g servings of legumes (RR = 0.78 (95% CI: 0.50--1.24); Fig. [2](#nyas13312-fig-0002){ref-type="fig"}).[19](#nyas13312-bib-0019){ref-type="ref"} The two included prospective cohort studies produced very different results, as indicated by the substantial degree of inconsistency in their association estimates (*I* ^2^ = 94.6%). One of the cohort studies, which was conducted in over 60,000 middle‐aged Chinese women over an average follow‐up duration of approximately 5 years, showed that legume intake was inversely associated with type 2 diabetes risk when comparing the upper quintile of intake to the lower quintile (RR = 0.62 (95% CI: 0.51--0.74)).[51](#nyas13312-bib-0051){ref-type="ref"} The other cohort study, which was conducted in over 35,000 older women participating in the Iowa Women\'s Health Study over a 6‐year follow‐up duration, showed no significant association between mature bean intake and type 2 diabetes risk when comparing the highest to lowest quintile of intake (RR = 0.96 (95% CI: 0.76--1.20)).[52](#nyas13312-bib-0052){ref-type="ref"}

Table S1 shows our GRADE assessment of the overall strength of the evidence for the relationship between legumes and diabetes. The evidence for this association was rated as very low, owing to downgrades for inconsistency, indirectness, and imprecision. This assessment suggests that legumes, which include dietary pulses, may or may not affect diabetes risk. The relationship remains uncertain, with future studies likely to have an important influence on risk estimates.

Systematic reviews and meta‐analyses of randomized controlled trials {#nyas13312-sec-0080}
====================================================================

We have successfully conducted a series of CIHR‐funded systematic reviews and meta‐analyses of randomized controlled trials of the effect of dietary pulse consumption on the following cardiometabolic risk factors: glycemic control,[18](#nyas13312-bib-0018){ref-type="ref"} lipids,[14](#nyas13312-bib-0014){ref-type="ref"} adiposity,[16](#nyas13312-bib-0016){ref-type="ref"} and blood pressure[15](#nyas13312-bib-0015){ref-type="ref"} ([ClinicalTrials.gov](http://ClinicalTrials.gov) Identifier, NCT01594567). To be included, trials had to be randomized, with isocaloric comparisons between the intervention and control arms and a follow‐up duration ≥3 weeks. We summarize each and provide its respective GRADE assessments below.

Glycemic control {#nyas13312-sec-0090}
----------------

Our first systematic review and meta‐analysis investigated the effect of dietary pulse consumption on the following glycemic control outcomes: fasting glucose, fasting insulin, homeostatic model assessment insulin resistance (HOMA‐IR), and glycosylated blood proteins (i.e., HbA~1c~ or fructosamine).[18](#nyas13312-bib-0018){ref-type="ref"} We included a total of 41 randomized controlled trials involving 1656 participants with and without diabetes. Separate meta‐analyses were conducted for three different types of dietary pulse interventions: dietary pulses alone (11 trials; *n* = 253), dietary pulses as part of low‐GI diets (19 trials; *n* = 762), and dietary pulses as part of high‐fiber diets (11 trials; *n* = 641). Table [1](#nyas13312-tbl-0001){ref-type="table-wrap"} shows a summary of the characteristics of included randomized controlled trials, and Figure [3](#nyas13312-fig-0003){ref-type="fig"} shows the overall pooled effect estimates of dietary pulses on glycemic control outcomes in each of the three separate meta‐analyses. Dietary pulses alone at a median dose of 120 g/day (approximately just over 0.5 cup/day or less than one serving/day of cooked dietary pulses) were found to lower fasting glucose (standardized mean difference (SMD) = --0.82 (95% CI: --1.36 to --0.27)) and insulin (SMD = --0.49 (95% CI: --0.93 to --0.04)), with no significant effects on HOMA‐IR or glycated blood proteins. Dietary pulses in low‐GI diets (median GI = 67.3, range: 54.3--85.7; median GI difference (low‐GI minus control) = --21.4, range: --1.7 to --46.2, with values based on the bread scale) were found to lower glycated blood proteins (SMD = --0.28 (95% CI: --0.42 to --0.14)), with no significant effects on fasting glucose and insulin or HOMA‐IR. Dietary pulses in high‐fiber diets (median fiber intake = 50 g/day, range: 36.7--96.6 g/day; median fiber intake difference (high‐fiber minus control) = 29.3 g/day, range: 13--79 g/day) were found to lower fasting glucose (SMD = --0.32 (95% CI: --0.49 to --0.15)) and glycated blood proteins (SMD = --0.27 (95% CI: --0.45 to −0.09)), with no significant effects on fasting insulin or HOMA‐IR. Given that these data are expressed as SMDs, values \<0.4, between 0.4 and 0.7, and \>0.7 were interpreted as having a small, moderate, and large effect size, respectively.[53](#nyas13312-bib-0053){ref-type="ref"} Dietary pulses were determined to have a meaningful effect on the main clinical marker of glycemic control (HbA~1c~). When the SMDs of glycosylated blood proteins were used to calculate the mean absolute reduction in HbA~1c~ for dietary pulses as part of low‐GI diets in individuals with type 2 diabetes, the results corresponded to an absolute reduction of approximately 0.5% in HbA~1c~. This reduction exceeds the clinically meaningful threshold proposed by the U.S. Food and Drug Administration for the development of new drugs for diabetes (≥0.3%)[54](#nyas13312-bib-0054){ref-type="ref"} and may be beneficial for reducing the risk of developing micro‐ and macrovascular complications.[55](#nyas13312-bib-0055){ref-type="ref"}, [56](#nyas13312-bib-0056){ref-type="ref"} Interstudy heterogeneity, however, was high and unexplained across most glycemic control outcomes.

###### 

Summary of characteristics of included trials in the most recent systematic reviews and meta‐analyses of randomized controlled trials assessing the effect of dietary pulses on cardiometabolic risk factors

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Cardiometabolic risk factor**   **SRMA**                                                         **Total no. of RCTs**   **Total *n***  **Median sample size (range)**   **Metabolic phenotypes: no. of trials** [a](#nyas13312-tbl1-note-0002){ref-type="fn"}   **Median age (range)**        **Median follow‐up (range)**    **Trial design: no. of trials**  **Median pulse dose (range)**   **Pulse type: no. of trials**   **Pulse form: no. of trials**   **Comparator: no. of trials** [b](#nyas13312-tbl1-note-0003){ref-type="fn"}
  --------------------------------- --------------------------------------------------------------- ----------------------- --------------- -------------------------------- --------------------------------------------------------------------------------------- ----------------------------- ------------------------------ --------------------------------- ------------------------------- ------------------------------- ------------------------------- -----------------------------------------------------------------------------
  **Glycemic control**              Sievenpiper *et al*.[18](#nyas13312-bib-0018){ref-type="ref"}                                                                                                                                                                                                                                                                                                                                                                   

  **Pulses alone**                                                                                            11                  253       20 (6--55)                       HC: 7\                                                                                  NR                            5 weeks (1--16 weeks)                        C: 7\               120 g/day (15.5--465 g/day)     Chickpeas: 2\                   Whole: 6\                       CHO foods: 11
                                                                                                                                                                             T2DM: 1\                                                                                                                                                           P: 4                                                Beans: 8\                       Flour/powder: 3\                
                                                                                                                                                                             CAD: 1\                                                                                                                                                                                                                Various: 1                      Flakes: 1\                      
                                                                                                                                                                             OH: 4                                                                                                                                                                                                                                                  Both: 1                         

  **Pulses in low‐GI diets**                                                                                  19                  762       16 (6--162)                      T2DM: 13\                                                                               NR                            6 weeks (2--52 weeks)                       C: 12\               --                              Lentils: 2\                     Whole: 19                       High‐GI diet: 16\
                                                                                                                                                                             T1DM: 3\                                                                                                                                                           P: 7                                                Beans: 5\                                                       Low‐CHO diet: 1\
                                                                                                                                                                             CAD: 1\                                                                                                                                                                                                                Various: 12                                                     Diabetes diet: 2\
                                                                                                                                                                             OH: 3                                                                                                                                                                                                                                                                                  Food exchange diet: 2

  **Pulses in high‐fiber diets**                                                                              11                  641       14 (9--450)                      T2DM: 6\                                                                                NR                            6 weeks (1.4--156 weeks)                     C: 9\               --                              Beans: 3\                       Whole: 10\                      Low‐fiber diet: 11
                                                                                                                                                                             T1DM: 5\                                                                                                                                                           P: 2                                                Lupins: 1\                      Pulse fiber: 1                  
                                                                                                                                                                             OH: 2                                                                                                                                                                                                                  Various: 7                                                      

  **Blood lipids**                  Ha *et al*.[14](#nyas13312-bib-0014){ref-type="ref"}                      26                 1037       29 (6--121)                      O/OW: 5\                                                                                51.1 years (4--36 years)      6 weeks (3--52 weeks)                       C: 13\               130 g/day (50--377 g/day)       Lentils: 1\                     Whole: 19\                      CHO foods: 14\
                                                                                                                                                                             HC: 8\                                                                                                                                                             P: 13                                               Chickpeas: 2\                   Flour/powder: 3\                High‐GI diet: 1\
                                                                                                                                                                             T2DM: 3\                                                                                                                                                                                                               Peas: 2\                        Both: 3\                        AP: 2\
                                                                                                                                                                             MetS\                                                                                                                                                                                                                  Beans: 14\                      NR: 1                           Diet without pulses: 9
                                                                                                                                                                             features: 2\                                                                                                                                                                                                           Various: 7                                                      
                                                                                                                                                                             IR: 2\                                                                                                                                                                                                                                                                                 
                                                                                                                                                                             OH: 7                                                                                                                                                                                                                                                                                  

  **Body weight and adiposity**     Kim *et al*.[16](#nyas13312-bib-0016){ref-type="ref"}                     21                  940       27 (6--123)                      O/OW: 9\                                                                                51.3 years (28.1--64 years)   6 weeks (3--48 weeks)                        C: 9\               132 g/day (80--278 g/day)       Chickpeas: 3\                   Whole: 14\                      CHO foods: 10\
                                                                                                                                                                             HC: 4\                                                                                                                                                             P: 12                                               Peas: 1\                        Flour/powder: 4\                High‐GI diet: 1\
                                                                                                                                                                             T2DM: 2\                                                                                                                                                                                                               Beans: 8\                       Both: 3                         Low‐CHO diet: 1\
                                                                                                                                                                             MetS\                                                                                                                                                                                                                  Various: 9                                                      Diet without pulses: 9
                                                                                                                                                                             features: 1\                                                                                                                                                                                                                                                                           
                                                                                                                                                                             OH: 6                                                                                                                                                                                                                                                                                  

  **Blood pressure**                Jayalath *et al*.[15](#nyas13312-bib-0015){ref-type="ref"}                 8                  554       78 (18--121)                     O/OW: 4\                                                                                49 years (28--60 years)       10 weeks (4--52 weeks)                       C: 2\               127.5 g/day (81--275 g/day)     Lupins: 2\                      Whole: 5\                       CHO foods: 4\
                                                                                                                                                                             T2DM: 1\                                                                                                                                                           P: 8                                                Various: 6                      Flour/powder: 3                 Diet without pulses: 4
                                                                                                                                                                             MetS\                                                                                                                                                                                                                                                                                  
                                                                                                                                                                             features: 1\                                                                                                                                                                                                                                                                           
                                                                                                                                                                             OH: 2                                                                                                                                                                                                                                                                                  
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AP, animal protein; Apo‐B, apolipoprotein B; BF%, body fat percentage; both, whole and flour form; BW, body weight; C, crossover; CAD, coronary heart disease; CHO, carbohydrate; CHO foods, wheat‐based foods (e.g., white bread and cereals), oat bran, pasta (e.g., spaghetti and chicken soup), potato and potato flakes, rice, carrots, high‐ and/or low‐fiber foods; DBP, diastolic blood pressure; FG, fasting glucose; FI, fasting insulin; GBP, glycosylated blood proteins (HbA~1c~ or fructosamine); HC, hypercholesterolemia; HOMA‐IR, homeostatic model assessment insulin resistance; IR, insulin resistant; MAP, mean arterial pressure; MetS, metabolic syndrome; *n*, number of participants; no., number; NR, not reported; OH, otherwise healthy; OW/O, overweight or obese; P, parallel; SBP, systolic blood pressure; SRMA, systematic review and meta‐analysis; T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; Various, ≥1 pulse type used (i.e., lentils, chickpeas, peas, and/or beans); WC, waist circumference.

Number of trials may not add up to total number of RCTs because one trial could have consisted of participants who had more than one metabolic phenotype (i.e., HC and T2DM). In this case, this trial would be placed in more than one category.

Number of trials may not add up to total number of RCTs because some RCTs had more than one control arm (i.e., a high‐GI diet arm and low‐CHO diet arm). Although our analyses usually combined these arms to create a pair‐wise comparison, in this table, a trial would be placed in more than one category.
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![Summary of the pooled effect estimates from the most recent systematic reviews and meta‐analyses of randomized controlled trials assessing the effect of dietary pulses on cardiometabolic risk factors. To allow the summary estimates for each end point to be displayed on the same axis, mean differences (MDs) were transformed to standardized mean differences (SMDs) and pseudo‐95% CIs, which were derived directly from the original mean difference and 95% CI. DBP, diastolic blood pressure; GBPs, glycosylated blood proteins; MAP, mean arterial pressure; MD, mean difference; *N*, number of participants; SBP, systolic blood pressure; SMD, standardized mean difference; SRMA, systematic review and meta‐analysis.](NYAS-1392-43-g003){#nyas13312-fig-0003}

The mechanisms by which dietary pulses improve glycemic control are thought to relate to a slow release mechanism. Data from acute and chronic studies showing reductions in postprandial glucose and insulin excursions after dietary pulse intake[57](#nyas13312-bib-0057){ref-type="ref"}, [58](#nyas13312-bib-0058){ref-type="ref"}, [59](#nyas13312-bib-0059){ref-type="ref"}, [60](#nyas13312-bib-0060){ref-type="ref"}, [61](#nyas13312-bib-0061){ref-type="ref"}, [62](#nyas13312-bib-0062){ref-type="ref"}, [63](#nyas13312-bib-0063){ref-type="ref"}, [64](#nyas13312-bib-0064){ref-type="ref"}, [65](#nyas13312-bib-0065){ref-type="ref"}, [66](#nyas13312-bib-0066){ref-type="ref"} suggest that dietary pulses slow absorption in the small intestine and thereby lower the GI of the diet. This slowed absorption may be attributed to various components within dietary pulses, such as their high viscous fiber content,[67](#nyas13312-bib-0067){ref-type="ref"} the presence of certain compounds that may act as enzyme inhibitors,[68](#nyas13312-bib-0068){ref-type="ref"}, [69](#nyas13312-bib-0069){ref-type="ref"}, [70](#nyas13312-bib-0070){ref-type="ref"} or their high amylose to amylopectin ratio.[70](#nyas13312-bib-0070){ref-type="ref"}, [71](#nyas13312-bib-0071){ref-type="ref"}

Table S2 shows our GRADE assessment of the overall strength of the evidence for the effect of dietary pulses on glycemic control outcomes. The evidence ratings ranged from low‐to‐moderate, very‐low‐to‐high, and low‐to‐moderate for the effects of dietary pulses alone, dietary pulses in low‐GI diets, and dietary pulses in high‐fiber diets, respectively, owing to downgrades for inconsistency, indirectness, and imprecision. This assessment suggests that dietary pulses consumed alone or as part of low‐GI and high‐fiber diets may lead to meaningful improvements in medium‐ to longer‐term glycemic control. The effect estimates, however, remain uncertain for most glycemic outcomes, calling for more large, high‐quality, randomized trials to clarify the glycemic benefits of dietary pulses. As we are aware of several randomized controlled trials[72](#nyas13312-bib-0072){ref-type="ref"}, [73](#nyas13312-bib-0073){ref-type="ref"}, [74](#nyas13312-bib-0074){ref-type="ref"}, [75](#nyas13312-bib-0075){ref-type="ref"}, [76](#nyas13312-bib-0076){ref-type="ref"}, [77](#nyas13312-bib-0077){ref-type="ref"}, [78](#nyas13312-bib-0078){ref-type="ref"}, [79](#nyas13312-bib-0079){ref-type="ref"}, [80](#nyas13312-bib-0080){ref-type="ref"}, [81](#nyas13312-bib-0081){ref-type="ref"}, [82](#nyas13312-bib-0082){ref-type="ref"} that have been published since the census for our systematic review and meta‐analysis, we are currently conducting an updated systematic review and meta‐analysis.

Blood lipids {#nyas13312-sec-0100}
------------

We conducted a systematic review and meta‐analysis of randomized controlled trials of the effect of dietary pulse consumption on the following established therapeutic lipid targets for cardiovascular risk reduction: low‐density lipoprotein C (LDL‐C), apolipoprotein B (apo B), and non‐high‐density lipoprotein C (non‐HDL‐C).[14](#nyas13312-bib-0014){ref-type="ref"} We included a total of 26 randomized controlled trials involving 1037 predominantly middle‐aged participants at moderate risk of coronary artery disease. Table [1](#nyas13312-tbl-0001){ref-type="table-wrap"} shows a summary of the characteristics of included randomized controlled trials and Figure [3](#nyas13312-fig-0003){ref-type="fig"} shows the overall pooled effect estimates of dietary pulses on lipids. Dietary pulses at a median dose of 130 g/day (∼0.75 cup/day or one serving/day of cooked dietary pulses) were found to lower the main lipid‐lowering targets used clinically: LDL‐C (mean difference (MD) = −0.17 mmol/L (95% CI: −0.25 to −0.09 mmol/L)) and non‐HDL‐C (MD = −0.09 mmol/L (95% CI: −0.19 to 0.00 mmol/L)). Only one trial was identified that measured apo B, which found no significant difference between the dietary pulse intervention and control arm (MD = 0.02 g/L (95% CI: −0.04 to 0.08 g/L)).[75](#nyas13312-bib-0075){ref-type="ref"} There was substantial unexplained interstudy heterogeneity for both LDL‐C and non‐HDL‐C (*I* ^2^ = 80% and 98%, respectively). These reductions are consistent with the findings from two previous meta‐analyses[45](#nyas13312-bib-0045){ref-type="ref"}, [83](#nyas13312-bib-0083){ref-type="ref"} and are at a level that would be considered clinically meaningful. As there is a one‐to‐one relationship between LDL‐C lowering and cardiovascular risk reduction,[84](#nyas13312-bib-0084){ref-type="ref"}, [85](#nyas13312-bib-0085){ref-type="ref"} the 5% reduction from baseline in LDL‐C observed in our meta‐analysis would translate into a similar 5% risk reduction in major cardiovascular events.

Several mechanisms may explain the lipid‐lowering benefit of dietary pulses. First, dietary pulses are high in the viscous soluble fiber pectin.[86](#nyas13312-bib-0086){ref-type="ref"}, [87](#nyas13312-bib-0087){ref-type="ref"} Viscous fibers have been shown to bind bile acids in the intestine, preventing their enterohepatic recycling.[78](#nyas13312-bib-0078){ref-type="ref"}, [88](#nyas13312-bib-0088){ref-type="ref"}, [89](#nyas13312-bib-0089){ref-type="ref"}, [90](#nyas13312-bib-0090){ref-type="ref"} The resulting increase in the liver\'s production of bile acids decreases its pool of cholesterol, increasing the liver\'s uptake of LDL‐C from the blood. The decrease in cholesterol in turn depletes intracellular cholesterol, upregulating the expression of LDL receptors on cell surfaces, which exert further decreases in cholesterol levels.[78](#nyas13312-bib-0078){ref-type="ref"}, [88](#nyas13312-bib-0088){ref-type="ref"}, [89](#nyas13312-bib-0089){ref-type="ref"}, [91](#nyas13312-bib-0091){ref-type="ref"} Second, the fermentation products of viscous soluble fiber from dietary pulses may decrease cholesterol production. Soluble fiber in the colon is fermented to short‐chain fatty acids, such as propionate and butyrate,[92](#nyas13312-bib-0092){ref-type="ref"} both of which have been shown to have cholesterol‐lowering activity in cell culture and animal models as well as randomized controlled trials in humans.[93](#nyas13312-bib-0093){ref-type="ref"}, [94](#nyas13312-bib-0094){ref-type="ref"}, [95](#nyas13312-bib-0095){ref-type="ref"} Finally, the 7S globulins component of dietary pulses may decrease LDL‐C. The 7S globulins are a family of proteins commonly found in legumes that have been shown to be involved in the cholesterol‐lowering effects of various legumes, including soybeans[96](#nyas13312-bib-0096){ref-type="ref"} and dietary pulses,[97](#nyas13312-bib-0097){ref-type="ref"} in cell culture and animal studies. The exact mechanism by which this protein lowers cholesterol, however, is currently unclear.[97](#nyas13312-bib-0097){ref-type="ref"}

Table S3 shows the GRADE assessments for the effect of dietary pulses on lipids. The evidence was rated as moderate quality for an LDL‐C--lowering benefit owing to a downgrade for inconsistency and low quality for a non‐HDL‐C--lowering benefit owing to downgrades in inconsistency and imprecision. This assessment suggests that dietary pulses may result in meaningful reductions in established therapeutic lipid targets for cardiovascular risk reduction. Sources of uncertainty, however, remain. There is a need for further large, high‐quality, randomized controlled trials to clarify the lipid‐lowering benefits of dietary pulses.

Body weight and adiposity {#nyas13312-sec-0110}
-------------------------

We conducted a systematic review and meta‐analysis of randomized controlled trials looking at the effect of dietary pulse consumption on the following measures of adiposity: body weight, waist circumference, and body fat.[16](#nyas13312-bib-0016){ref-type="ref"} We included a total of 21 randomized controlled trials consisting of 940 middle‐aged participants who were predominately overweight or obese. Table [1](#nyas13312-tbl-0001){ref-type="table-wrap"} shows a summary of the characteristics of included randomized controlled trials and Figure [3](#nyas13312-fig-0003){ref-type="fig"} shows the overall pooled effect estimates of dietary pulses on measures of adiposity. Dietary pulses at a median dose of 132 g/day (∼0.75 cup/day or one serving/day of cooked dietary pulses) were found to lower body weight (MD = --0.34 kg (95% CI: --0.63 to --0.04 kg)) and body fat nonsignificantly (MD = --0.34% (95% CI: --0.71 to 0.03)), with no effect on waist circumference. Dietary pulses lowered body weight significantly more than control diets under both neutral (weight maintaining) and negative (calorie‐restricted weight loss) energy‐balance conditions. The treatment effects for body weight, body fat, and waist circumference were robust to differences in the participants and trial conditions, with no evidence of interstudy heterogeneity (*I* ^2^ \<50%). By adding data from 16 new randomized controlled trials, our systematic review and meta‐analysis builds on an earlier systematic review and meta‐analysis that showed a nonsignificant weight loss benefit.[83](#nyas13312-bib-0083){ref-type="ref"}

There are two main mechanisms that may explain the weight loss seen with dietary pulses. The first relates to the satiating properties of dietary pulses, which include high fiber and protein content and a low GI.[70](#nyas13312-bib-0070){ref-type="ref"}, [98](#nyas13312-bib-0098){ref-type="ref"}, [99](#nyas13312-bib-0099){ref-type="ref"} High‐fiber foods require longer chewing time and promote gastric distention, which may reduce the rate of ingestion and trigger signals of fullness.[100](#nyas13312-bib-0100){ref-type="ref"} Both high‐fiber and low‐GI foods can slow digestion and delay absorption of nutrients, which could delay hunger and subsequent energy intake.[100](#nyas13312-bib-0100){ref-type="ref"}, [101](#nyas13312-bib-0101){ref-type="ref"} As protein is generally more satiating than carbohydrate or fat of similar energy content,[102](#nyas13312-bib-0102){ref-type="ref"} it has been suggested that protein from dietary pulses may contain bioactive components that stimulate secretion of gastrointestinal hormones involved in increasing satiety, such as cholecystokinin and glucagon‐like peptide‐1.[70](#nyas13312-bib-0070){ref-type="ref"}, [103](#nyas13312-bib-0103){ref-type="ref"} Overall, these satiating properties of pulses are supported by the results of a recent systematic review and meta‐analysis of acute feeding trials (nine trials; *n* = 126) conducted by our group, which showed that pulses increased acute satiety in generally healthy, younger participants.[17](#nyas13312-bib-0017){ref-type="ref"} Specifically, dietary pulses were shown to produce a 31% greater satiety incremental area under the curve (ratio of means = 1.31 (95% CI: 1.09--1.58)) in comparison with controls,[17](#nyas13312-bib-0017){ref-type="ref"} which is likely to be a clinically meaningful effect.[104](#nyas13312-bib-0104){ref-type="ref"} The second main mechanism relates to reduced bioavailability of calories from dietary pulses. The reduced bioavailability is largely attributed to the presence of intact cell walls and the highly resistant starch and fiber content of pulses, which do not get broken down into absorbable units by the stomach and small intestine.[100](#nyas13312-bib-0100){ref-type="ref"} Pulses contain protease and amylase inhibitors, as well as a number of phenolic compounds that may interfere with digestibility and energy availability.[70](#nyas13312-bib-0070){ref-type="ref"} The Atwater factors used to assign calories to different foods may overestimate the amount of calories in dietary pulses.[105](#nyas13312-bib-0105){ref-type="ref"} The implication is that the calories labeled may not be the calories metabolized, resulting in lower energy density.

Table S4 shows the GRADE assessments for the effect of dietary pulses on adiposity. The evidence for all three outcomes (body weight, waist circumference, and body fat) was rated as moderate owing to downgrades for imprecision in each case. This assessment suggests that, although dietary pulses may result in reductions in body weight under both weight‐maintaining and weight loss conditions, more large, high‐quality, randomized controlled trials are needed to clarify the size of the benefit.

Blood pressure {#nyas13312-sec-0120}
--------------

We conducted the only systematic review and meta‐analysis of randomized controlled trials assessing the effect of dietary pulse consumption on blood pressure outcomes, which included systolic blood pressure (SBP), diastolic blood pressure (DBP), and mean arterial pressure (MAP).[15](#nyas13312-bib-0015){ref-type="ref"} A total of eight randomized controlled trials were included, involving 554 middle‐aged participants with and without hypertension. Table [1](#nyas13312-tbl-0001){ref-type="table-wrap"} shows a summary of the characteristics of the included randomized controlled trials and Figure [3](#nyas13312-fig-0003){ref-type="fig"} shows the overall pooled effect estimates of dietary pulses on blood pressure. Dietary pulses at a median dose of 127.5 g/day (∼0.75 cup/day or one serving/day of cooked dietary pulses) were found to lower SBP (MD = −2.25 mmHg (95% CI: −4.22 to −0.28 mmHg)) and MAP (MD = −0.75 mmHg (95% CI: −1.44 to −0.06 mmHg)), with no significant effects on DBP. There was substantial unexplained interstudy heterogeneity across all outcomes (*I* ^2^ \> 50%). The observed 2.25‐mmHg lowering in SBP by dietary pulses is clinically relevant. This is supported by evidence from prospective studies showing that even a 2‐mmHg reduction in SBP may potentially lower mortality risk from stroke and CHD or other vascular causes in the average middle‐aged population by about 10% and 7%, respectively.[106](#nyas13312-bib-0106){ref-type="ref"}

Several potential mechanisms may explain the effect of dietary pulse consumption on lowering blood pressure. Dietary pulses are good sources of fiber, potassium, and magnesium,[11](#nyas13312-bib-0011){ref-type="ref"}, [12](#nyas13312-bib-0012){ref-type="ref"} all of which have shown to have blood pressure--lowering effects.[107](#nyas13312-bib-0107){ref-type="ref"}, [108](#nyas13312-bib-0108){ref-type="ref"}, [109](#nyas13312-bib-0109){ref-type="ref"} Dietary pulses have also been shown to lower postprandial insulin levels,[57](#nyas13312-bib-0057){ref-type="ref"}, [58](#nyas13312-bib-0058){ref-type="ref"}, [59](#nyas13312-bib-0059){ref-type="ref"}, [60](#nyas13312-bib-0060){ref-type="ref"}, [61](#nyas13312-bib-0061){ref-type="ref"}, [62](#nyas13312-bib-0062){ref-type="ref"}, [63](#nyas13312-bib-0063){ref-type="ref"}, [64](#nyas13312-bib-0064){ref-type="ref"}, [65](#nyas13312-bib-0065){ref-type="ref"}, [66](#nyas13312-bib-0066){ref-type="ref"} which is associated with reduced salt retention and blood pressure.[110](#nyas13312-bib-0110){ref-type="ref"}, [111](#nyas13312-bib-0111){ref-type="ref"} Finally, the observed lowering in blood pressure may be mediated through weight loss,[112](#nyas13312-bib-0112){ref-type="ref"}, [113](#nyas13312-bib-0113){ref-type="ref"} which is supported by the results of our systematic review and meta‐analysis assessing the effect of dietary pulses on body weight.[16](#nyas13312-bib-0016){ref-type="ref"}

Table S5 shows the GRADE assessments for the effect of dietary pulses on blood pressure. The evidence for all three outcomes (SBP, DBP, and MAP) was rated as low owing to downgrades for inconsistency and imprecision in each case. This assessment suggests that dietary pulses may result in reductions in blood pressure. The relationship, however, remains uncertain, with future randomized controlled trials likely to have an important influence on risk estimates.

Conclusions {#nyas13312-sec-0130}
===========

Dietary pulses are sustainable and affordable sources of fiber, plant protein, and various micronutrients that, as part of a healthy dietary pattern, appear to play important roles in modifying cardiometabolic risk. Systematic reviews and meta‐analyses of prospective cohort studies assessing the relationship between legumes, which include dietary pulses, and the risk of CHD at doses ≥4 weekly 100‐g servings provide moderate‐quality evidence of a benefit. Given the paucity of prospective cohort studies in this area, more prospective cohort studies that directly assess the relationship between dietary pulses and the incidence of various cardiometabolic diseases are needed to increase our understanding of the role of dietary pulses in the primary prevention of diabetes, CHD, and stroke. A direct benefit of dietary pulses, however, is supported by several systematic reviews and meta‐analyses of randomized controlled trials of the effect of dietary pulses on cardiometabolic risk factors. Dietary pulses at doses of 120--132 g/day (0.5--0.75 cups/day, the equivalent of about one serving/day) have shown meaningful reductions in established cardiometabolic risk factors, including HbA~1c~, LDL‐C, body weight, and blood pressure, with the evidence for these specific reductions ranging from low to moderate quality. There remains an urgent need for more large, high‐quality, randomized trials to clarify the benefits of dietary pulses in the prevention and management of overweight/obesity, diabetes, and CVD. In the meantime, the available evidence suggests that there is a potential opportunity for Western populations, which as a whole consume much less than one serving/day/person,[11](#nyas13312-bib-0011){ref-type="ref"}, [12](#nyas13312-bib-0012){ref-type="ref"} to increase their intake of dietary pulses to improve cardiometabolic health.
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